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COMPLETE SPECIFICATION 

FERRIC HYDROXIDE-DEXTRAlT(llEXTRnOHEPT01TIC ACID 
COLIPLEXES, THEIR PREPARATION, AI^TD PHART.IACEUTICAIi 

COMPOSITIONS 

1/WE, FISONS PHARIJACEUTICALS LIMITED, a British 
Company, of 12 Derby Road, Loughborough, Leicestershire, 
Engleaid, 



hereby declare the invention for which I/we pray that a patent may 
be granted to mE/us, and the method by which it is to be performed, 
to be particularly described in and by the following statement: — 
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The present invention is concerned v/ith improved therapeutic- 
ally useful ferric hydroxide-carbohydrate complexes and to their 
preparation. 

Iron dextran has been laiovm for approximately thirteen years, 
5 and its development for the intramuscular administration of iron 

represented a substantial advance over previously available methods 
for the administration of iron. Iron dextran possesses many advantage- 
ous properties including comparatively low toxicity, comparatively 
low Incidence of side reactions, good absorption of iron. However 
ID iron dextran does suffer from the disadvantages that it is very 

3i? o-^ difficult to preps-re therapeutic compositions containing m^re than iw/^ 



per 

Iran^ ^ooic akJo reactions do occur, the intratnusjcular administration 
has to be carried out over an extended period to correct lov/ haemo- 
globin levels, the intravenous toxicity is not as low as is optionally 
15 required, staining of the skin can occur, particularly where a faulty 

administration teclinique is employed, and absorption of iron may not 
be complete within a short period of days. 

It has now been found that these disadvantages may be overcome 
with a new ferric hydroxide complex as hereinafter described. 
20 Accordingly the present invention is for a complex of ferric 

J P S S hydroxide with at least one of the heptonic acids, dextran heptonlc 

io'loM acid and dextrin heptonic acid. According to a preferred CTibodiment 

per . 

the Invention ia for a complex of ferric hydroxide v/ith dextran hep- 
tonic acid. 

25 Dextran and dextrin are polymeric glucose derivatives; in the 

case of dextran the anhydroglucose units are linked predominantly 
by alpha-l:6 llnlcages, and to a lesser extent by al?ha-l:4 or alpha- 
li3 linlcages; in the case of dextrin the anhydroglucose units are 
linked predominantly by alpha-l:4 linkages and to a lesser extent 
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by alpha-l:6 linkages. Dextran is formed Inter alia by the controlled 



fermentation of sucrose with Leuconostoc mesentoroideg ; partially 



depoljrmerised dextran may be obtained inter alia by hydrolysis of 



native dextran, end fractions of different molecular weight may be 



5 obtained by solvent fractionation. Dextrin may be obtained by the 



hydrolysis of starch; fractions of different molecular v/eisht may 



be obtained similarly by solvent fractionation. 



Dextran heptonic acid and dextrin heptonic acid are chemically 



different from dextran and dextrin and are prepared by the reaction of 



lO dextran or dextrin with cyanide ions, forming the corresponding cyan- 



hydrin, which may then be hydrolysed to the corresponding heptonic acid. 



By this reaction the aldehyde group on the terminal anhydroglucose 



unit of the dextran or dextrin is converted to a glycollic group as 



follows : 

H K H 

15 - C > - C - CH - C - COOH 

11 t i 

O OH OH 



Consequently the heptonic acid can be in the form of stereoisomers. 



v/hich can be shown in the terminal C_ part of the molecule as follows: 
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The terms dextran heptonic acid and dextrin heptonic acid used herein 
20 cover both stereoisomers. 
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The present invention is also for a process for the preparation 
of a ferric hydroxide complex v/ith a hcptonic acid selected from 
dextran heptonic acid and dextrin heptonic acid which comprises re- 
acting together a suspension of ferric hydroxide and at least one of 
5 the compounds dextran heptonic acid and dextrin heptonic acid. 

The dextran heptonic acid and dextrin heptonic acid are desir- 
ably of low molecular weight, and suitably have aiV ociuivalGr vte weight 

50,0CX) and preferably from 1,000 to 10,000. The dextran 
starting mr.terir.l is suitably partially depolymeriscd and fraction- 
10 ated to the appropriate molecular fraction; similarly the dextrin 

starting material is fractionated to the appropriate molecular fraction. 
The dextran heptonic acid and dextrin heptonic acid are suitably pre- 
pared by the reaction of dextrnn or dextrin of the appropriate molec- 
A. i. K t J). ^iw^e ..>>v*-a.^*^£w 

3c» /o-fc? "^^^ fraction, suitably having anj^e< ^ivQlor vb weight of 500 to 50,000 

pet 9^aJ^ 

is with cyanide ions in solution. The reaction is suitably effected 

with an alkali metal cyanide; it may also be carried out v/ith hydrogen 
cyanide and ammonia. The reaction is preferably carried out in cm 
aqueous medium; it may however be carried out in the medium of a 
liighly polar organic solvent such as pyridine or dimethyl formomide. . 

20 The reaction with cyanide is suitably carried out at a pH in the range 

7-11, and preferably at about pK 9. The reaction may be carried out 
at various temperatures, suitably in the range 20-50°C, ; the rate of 
reaction is increased v/ith temperature, but at temporatures auch in 
excess of SO^C. hydrolysis of the cyanide reactant takes place, 7fhen 

25 the formation of the cyanhydrin is complete or substantially complete, 

the cyanhydrin may be hydrolysed, suitably by heating the solution, for 
example to 90-100°C. The hydrolysis is assisted by the passage of 
gas, for example air or nitrogen, through the solution to assist in 
the ronoval of the ammonia formed in the hydrolysis step. If desired 
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the cyanhydrin product could be separated before the hydrolysis stop; 
however this is not necessary, and the reaction product may be sub- 
jected to the hydrolysis step. The hydrolysis may be assisted if 
excess cycJiide is removed from the reaction mixture before the 
hydrolysis step, for example by ion exchange. The product of the 
hydrolysis step is the heptonic acid v/hich may bo separated from 
the reaction mixtui-e, if desired, for example by alcohol precipitation 
Hov/ever, it is not necessary for the heptonic acid to be separated, 
and the hydrolysiis product may be used in the formation of the ferric 
hydroxide complex. 

The suspension of fer;oic hydroxide is suitably a colloidal sus- 
pension and may be prcforned or formed in situ or both. The reaction 
may be carried out in various v/ays, but desirably the last stage of 
the reaction is effected at c pK betv/een 5 and 7, preferably about 6, 
and the product is subjected to heating, for example to a temperature 
greater than 50*^C. If desired an intermediate complex of ferric 
hydroxide with the heptonic acid may be precipitated, for example by 
the addition of alcohol, and the precipitate thereafter subjected to 
this heating step at a temperature greater than 50*^C. at a pH of 
between 5 and 7. 

The colloidal ferric hydroxide is generally prepared by a double 
decomposition reaction betv/een a ferric salt and an alkali. Suitable 
ferric salts include ferric chloride, ferric nitrate, ferric per- 
chlorate, ferric trichloroacetatc, ferric omnonium acetate, ferric 
citrate, ferric amraoniura citrate and ferric oxy salts. Suitable 
alkalis include sodium hydroxide, sodium carbonate, potassium hydrox- 
ide, potassium cpjcbonate^ ammonium hydroxide, anmonium carbonato etc. 
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Alternatively, tho ferric hydroxide mr.y be prepcired by treatment 
of the ferric salt v/ith an rjiion exchange resin, which resin may bo 
strongly or wealtly basic, A further proceas for the preparation of 
ferric hydroxide from a ferric salt is by dialysis against an aqueous 
solution containing an alkali or by elcctrodialysis ( eloctrometathesis) . 

A preferred process for tho completing of tho heptonic acid with 
ferric hydroxide includes partial preforming of the colloidal ferric 
hydroxide by slow partial neutralisation of the ferric salt v/ith the 
alkali before reaction v/ith tho heptonic acid and subsequent comple- 
tion of the formation of the ferric hydroxide in the presenoo of the 
heptonic acid, the slow neutralisation taking place over at least 
30 minutes. This first part of the proccs3 for tho formation of the 
complex suitably takes place v/ithout heating, for example at a temper- 
ature of about 30^C, Tho partially formed complex may then bo heated 
in solution to complete the reaction, suitably after adjustment of 
the pH to the range 5-7, 

IThere the complex is prepared using partial or complete formation 
of the ferric hydroxide In situ in the presence of the heptonic acld^ 
the reaultemt aqueous solution of the complex v/ill also contain a 
'*salt" comprising the anion of the ferric salt and the cation of the 
alkali, except, of course, v/hcre the ferric hydroxide is prepared by 
the clectrodialysis or ion exchange processes. 

The complex ma}' be freed from this impurity either by subjecting 
the solution to dialysis or by precipitating the complex by the 
addition of a suitable water-miscible solvent such as methyl or ethyl 
alcohol and subsequently redissolving the complex In distilled water. 

The complex of ferric hydroxide v/ith the heptonic acid according 
to the present invention can bo separated as a solid. For therapeutic 
use this is required as a solution, and therapeutically useful solu- 
tions may be obtained directly from the aqueous reaction product or 
by dissolving tho separated solid complex. 
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The complex of ferric hydroxide with the heptonic r.cid according 
to the present invention forms a str.blc mobile solution rvuitable for 
parenterr.l administration. The complex is of extremely lov/ intra- 
venous toxicity, and may readily bo obtained with a hig]-. content of 
iron suitable for parenteral administration. The intravenous toxicity 
(LD ) is generally greater than about 4,000 mg. Fc. per Kg. body 
weight. It is possible to obtain without difficulty fe_'ric hydroxido- 
heptonic acid complexes according to the present invention containing 
up to 437o by weight of elemental iron, and preferably containing 
38^2^ by v/eisht of elemental iron. Similarly it is possible to 
obtain Injectable compositions of the complex of ferric hydroxide 
Y^ith the heptonic acid according to the present invention containing 
up to 250 mg. of elemental iron per ml. of solution, and preferably 
containing 50-200 mg, of elemental iron per ml. of solution. 

On account of the extrcriiely lov/ intravenous toxicity of the 
product, and the high iron concentrations obtainable, it is possible 
using the product of the invention to administer a patient's total 
requirement of iron in a single intravenous injection. This is a 
very substantial advance and obviates the need for repeated intra- 
muscular injections. Thus, for example, a single lO ml. injection 
containing 2 grams of iron (Fe) of the ferric hydroxide-doxtran hep- 
tonic acid complex according to the present invention may bo admini- 
stered as an intravenous injection over a period of a fer/ minutes. 
By way of contrast, if 2 grams of iron arc to bo administered by 



Intramuscular injection of iron dcxtron as tho s tandard 5% /^solution, 
no less than 20 injections would bo required with each injection being 
separated by at least 24 hours. In addition to being used intra- 
venously, the products of the invention may also be used by intra- 
muscular injection. The products of tho invention are suitable for 
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25 



per (L^ 



the treatment or prevention of iron deficiency anaemia in both 
man and animals. For veterinary use, the product will generally 
be administered by intramcuculo-r injection, and the high concen- 
trations of iron represent a substantial advantage, as the volume 
of the injection is correspondingly sraaller, Vrith the small volume 
required, it is possible to use multiple dose injection guns for 
the injection of numbers of animals, ouch as pigs. 

The present invention is also for a pharmaceutical (including 
veterinary) composition containing the ferric hydroxide heptonic 
acid complexes according to the present invention. Such compositions 
suitably contain conventional components such as carriers; such 
compositions may also contain other pharmaceut ically active compon- 
ents, such as Vitamin B12 and/ or folic acid. 

The pharmaceutical composition for injection generally requires 
to be of an average intrinsic viscosity in the range 0,025 to 0.25, 
and preferably 0.05 to 0.O7, at 25°C. The viscosity of the preparation 
is related inter alia to the concentration of the complex in the 
solution and the molecular weight of the heptonic acid used in the 
preparation of the complex. In general the lov/er the molecular 
v/eight of the heptonic acid starting material the lower the viscosity 
of the product. The variables molecular weight of the starting mater- 
ial and concentration may be adjusted to produce a product of any 
desired viscosity. By opera.tion in accordance v/ith the present inven- 
tion preparations containing in excess of 207^ iron of a viscosity 
suitable for injection may be prepared. 

The ferric hydroxide heptonic acid complexes according to the 
present invention are stable in storage and to sterilisation by 
autoclaving. 

The following examples are ^iven to illustrate the present 
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Excunple 1 

lO Grcjns of potassium cyanide wore acMed to c. solution of 200 
grcims of low molecular v/cight dextrn.n (hr.vins an average molecular 
weight of about 5,000) in 1,500 ml. of v;ntor. The reaction mixture 
5 was left overnight at 40°C. and then the temperature of the mixture 

was raised to 90-lOO^C. to hydrolyse the cyanhyclrin and excess 
potassium cyanide; air was passed through the solution to assist 
removal of ammonia. The pH of the solution was then adjusted to 
pH 7.0 by the addition of hydrochloric acid and the solution concen- 
lO trated by evaporation. The liquid concentrate was an aqueous solu- 

tion of dextrcn hoptonic acid which could, if desired, be precipitated 
by the addition of ethyl alcohol. 

A solution of 36 grams of sodiura carbonate in 150 ml. of water 
v/as added slowly over a period of 2 hours, to a solution of 75 grams 
15 of ferric chloride hexahydrate in 160 ml. of water, at a tanperatxire 

of 30^C. A solution of 16 grams of dextran heptonic acid prepared 
as described above in 100 ml, of water was then added over a period 
of 15 minutes and the pH of the solution adjusted to pH 4.3 by the 
careful addition of 16% aqueous sodium carbonate solution, 
20 The ferric hydroxide dextran heptonic acid complex was precipi- 

tated by the addition of ethanol and the precipitate was washed tv/ice 
with 60^0 aqueous ethanol. The precipitate was redissolved in lOO ml. 
of v/ater, the solution heated to a temperature of 70-80°C, , and the 
pK of the solution adjusted to 6.0 by the addition of lOZo aqueous 
25 sodium hydroxide solution. The last traces of alcohol v/ere boiled 

off and the solution was then autoclaved at 10 p.s.i. for 30 minutes. 
The solution was then concentrated to 100 ml. filtered and the fil- 
trate autoclaved at lO p.s.i. for 30 minutes. 
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The solution had an elemental iron content of 153 mg. Fe/ml. 
nnd demonstrated r.t LD o» °" intravenous r.dministrr.tion to mice, 
of grer.tcr thr-n 3, COO mg. Fe. per Kg. body weight. 

On injection into the hind log of n rr,bbit t\t r- dosage of 40 mg. 
5 Fe/Kg. body weight an average of 14% of iron v/as reta .ned at the 

injection site seven days after injection. 
Example 2 

A solution of 7.2 Kg. of anhydrous sodium carbonate in 24 litres 

of water was added slowly, over a period of 2 hours, to 16,8 litres 

10 of liquor f erriperchloride (containing 2C7o w'/v elemental iron) which 

had been previously diluted to 32 litres. 3.75 Kg, of dextran 

heptonic acid (average molecula.r weight 5,000) in 14 litres of aqueous 

o 

solution was then added, maintaining the temperature at 30 to 40 C. 

On completion of this addition emd maintaining the temperature above 

15 30^C, a further quantity of 167o w/v sodium carbonate v;as added slowly 

to bring the pH to 6,0. The solution was heated to 90*^C. for 2 hours 

and then the volume was reduced to about 20 litres by heating in 
o 

vacuo at 55 C. 

Salt v/as removed by dialysis against distilled water and the 
20 volume was again reduced to about 20 litres (ie. to a concentration 

of 15% ferric hydroxide dextran heptonic acid comple;:) . The salt 
concentration was adjusted to O.S^o w/v and phenol was added to a 
concentration of 0.57:». Particulate matter v/as removed by passing 
the solution through a Ho. 3 sintered glass filter and after being 
25 sealed into ampoules the solution was autoclaved at 15 Ib./sq. in, 

for 1 hour. 

The autoclaved solution had an iron content of 153.2 mg.Fe./ml, 
and demonstrated an LD^- on intravenous administration to mice of 
4,600 mg. Fe/Kg, body v/eight. The viscosity of the solution v/as 
30 16.8 centistokes at 25°C. and the pH was 6,50. 
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On injection into the hind leg of a rabbit at a dosage of 40 mg, 
Fe^Kg. body weight an average of 157j of iron v/as retained at -the 
injection site seven days after injection. 
. Example 3 

5. A solution of 360 grams of anhydrous sodium carbonate in. 1.2 

litres of water was added slovay v/ith vigorous stirring to 840 ml, 
of liquor f erriperchloride containing 2C^j v//v elemental iron which 
had been previously diluted to 1.6 litres, 137;^ Grams dext ran hep- 
tonic acid (average molecular weight 5,000) in 700 ml. water was 
lO then added, maintaining the temperature above 30°C. Still main- 

taining the temperature betv/een 3G*^C. and 40°C. a further quantity 
of 16% sodium carbonate solution v;as added to bring the pH to 4.3. ■ 
Ethyl alcohol v/as added to a eoncentration of 60fo and the precipit- 
ated complex v/as filtered off and washed three times uith 607o 

o * 

15 alcohol. The precipitate was redissolved in water and heated to 75 C» 

to remove alcohol. The pH was adjusted to G.O with 2.5il sodium 
hydro3dLde and the solution was heated to 90°C. for 2 hours. The 
volume was reduced to about 1 litre (15% iron) and the solution 
was filtered, filled into ampoules and sterilised by autoclaving at 

20 15 lb,/sq,in. for 1 hour. 

The autoclaved solution of ferric hydroxide dextren heptonic 

acid complex had an iron content of 158,3 mg, Fe»/ml . and donon— 

strated an LD_._ on intravenous adhiinistration to mice, in excess 
50 

of 4,000 mg. Fe./Kg. body v/eight, 
25 • On injection into the hind leg of a rabbit at a dosage of 40 mg, 

Fe,/Kg. body v/eight an average of 14%. of the iron was retained at 
the injection site seven days after injection. 



- 11 - 




150358 

Example 4 

The procedure of Example 3 v^as followed with the modification 
that the weight ratio of iron to carbohydrate in the starting mater- 
ials v/as adjusted to 1:0.75. The final solution was concentrated 
6 to a volume containing approximately 207^ w/v of elemental iron 

prior to the ultimr.te ampouling end sterilisation steps. 

The autoclaved solution of ferric hydroxide dextran heptonic 
acid complex had an iron content of 18S.O mg. Fe./ml. and demon- 
strated an LD _ on intravenous administration to mice of greater 
50 

10 than 4, TOO mg. Fe./Kg. body weight. The viscosity of the solution 

was 29.7 centistolies at 25^C. and the pK was 5.6. 

On injection into the hind leg of a rabbit at a dosage of 40 mg. 
Fe,/ICg. body weight an average of 17.073 of iron was retained at the 
injection site seven days after injection. 
15 Example 5 

840 ml. of liquor f erriporchlor ide (containing 2C^o \v/v ele- 
mental iron) was diluted to 1.6 litres and added to 9O0 ml. of a 
20^3 v//v aqueous solution of dextran heptonic acid (average molecular 
weight 5,000). The combined solutions were repeatedly passed through 
20 a column of en anion exchange resin (De-Acidite FF) until the pH of 

the eluate was 6.0, The column v/as regenerated after each pass by 
first washing with IT hydrochloric acid to remove residual traces of 
iron, followed by il sodium hydroxide and then distilled water. 

The eluate v/as heated to 90°C. for 2 hours and then dialysed 
25 against distilled v/ater to remove reOidual chloride and the volume 

was then reduced to l.O litre by rotary evaporation in vacuo. 
After filtration tlirouga n No. 3 sintered glass funnel the solution 
of the ferric hydroxide dextran heptonic acid complex v/as filled 
into ampoules and autoclaved at lO lbs. per sq. in. for 30 minutes. 
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Example 6 

84 ml, of liquor f erripcrchlor ide (containing 20^o w/v elemental 
iron) v/as diluted to 160 ml, with water and added to 19.0 gm. of 
dextran heptonic acid (average molecular weight 5,OCK)) in 70 ml, 
5 of squeous solution. The combined solution v/as dialysed against 

lO litres of distilled water containing lOO ml, of 0,880 ammonia, 
for a period of 24 hours. The ammonia dialysis solution was re- 
placed with a further lO litres of distilled water and 50 ml. of 
0.880 ammonia and dialysis v/as continued for a further 24 hours. by 
lO which tide the iron solution in the dialysis sac had been neutral- 

ised to pH 8,0. The ammonia dialysis solution was replaced by dis- 
tilled water and dialysis for a further 24 hours reduced the pH to 
6.5 

The solution of the ferric hydroxide dextran heptonic acid 

15 complex was heated in an autoclave at 15 Ibs./sq, in, for 2 hours 

reduced to lOO ml. volume, filtered, ampouled and sterilised for 

1 hour at 15 Ibs./sq. in. 

This autoclaved solution containing 117 mg, Fe./ml.; the 

o 

viscosity of the solution was 6.6 centistokes at 25 C. and the pH 
20 was 6,2, On injection into the hind leg of a rabbit at a dosage of 

40 mg. Fe./Kg. body v/eight an average of 12, 57* of iron was retained 
at the injection site seven days after injection. 
Example 7 

lO Grams of potassium cyanide are added to a solution of 20O 
25 grams of lov; molecular weight dextrin (having an average molecular 

v/eight of about 5,OOQ) in 1 . 5 litres of water. The reaction mixture 
is allowed to stand overnight at 40°C. and the temperature is then 
raised to 90-100 ^C, and the solution aerated to hydrolyse the cyan- 
hydrin and excess potassium cyanide. The pK of the solution is 



- 13 - 



- 150358 



then adjusted to pK 7.0 by the addition of hydrochloric acid and 

the solution concentrated by evaporation. The liquid concentrate 

was an aqueous solution of dextrin heptonic acid, which could, if 

desired, be precipitated by the addition of ethanol . 

5 A solution of 24 grams of sodium carbonate in lOO ml. of water 

is added slowly over a period of 20 minutes, v/ith stirring, to a 

solution of 46.4 grans of ferric chloride hexahydrate in ISO ml. of 

vfixter. Then a coluticn of 24 ci'Qms of doictr In heptonic acid prepared as 

described above in lOO ml, of v/-ter is added over a period of 15 

10 minutes and the mixture brought to pH 4.3 by the addition of 167o 

aqueous sodittm carbonate solution. The reaction mixture is main- 

o 

tained at a temperature of 30 C, throughout. 

The resultant ferric hydroxide dextrin heptonic acid complex 
is then precipitated by the addition of ethanol and the precipitate 
15 washed three times v/ith 60f^ aqueous ethanol. The precipitate is 

then redis solved in lOO ml, of water. 

The resultant solution is then heated to a temperature in the 
range 70-80°C. and the pH of the solution adjusted to pH 6,0 by 
the addition of lOfo aqueous sodium hydroxide solution. The solution 
20 is then maintained at a temperature of 90°C, for a period of 2.25 

hours, the pH of the solution being kept at 6.0 throughout this period. 

The solution is then filtered, the volume adjusted to 95 ml. 
and finally the solution is autoclaved at 10 p.s.i.g, for 30 minutes 
to yield a final solution containing about lOO mg. Fe./ml, 
25 Example 8 

Nine day old piglets were each given an intramusculpj: injection 
of a 15% ferric hydroxide dextran heptonic acid complex prepared as 
in Example 2 containing 200 mg. of elementary iron. Blood samples 
were taken every seven days thereafter and the piglets v/ere weighed 
30 at regular intervals. 
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A group of control cnimals were similarly studied, these 
animalG receiving exactly the same treatment as the experimental 
animals with regard to diet, husbandry etc., but not receiving the 
ft J.l. ttO. / ge fi' lc liyaio..ia^ i i l c jrtyngi fa o ytonlo oold ogciploi * injection. 

.5 The average weight on the animals at the start of the experl- 



ptr 



ment was 1.6 Kg. and the haemoglobin level of the blood was 7.1 
gms./lOO ml. After six weeks the treated animals had an average 
weight of 8.9 Kg. and a haemoglobin level of 10.5 gm./lOO ml. blood, 
whereas the untreated animals had an average weight of 6.8 Kg. and 
10 a haemoglobin level of 7.7 gms./lOO ml. blood. 

Example 9 

Two adult female patients suffering from hypocliromic anaemia 
were each given a single intravenous injection of ferric hydroxide 
dextran heptonic acid complex prepared as in Example 4 containing 
15 2 grams of Fe. in lO millilitres. Both patients showed a satis- 

factory rise in blood haemoglobin with a complete absence of side 
effects. 
Example lO 

A solution of 2.83 kgm. of anhydrous sodium carbonate in 9 litres 
20 of water was added slowly over a period of two hours to 6,72 litres 

of liquor f erriperchloride (containing 20}^. w/v elemental iron) which 
had previously been diluted to 24 litres, 

1.39 kgm. of dextran heptonic acid (average molecular weight 
5,000) in 7 litres of aqueous solution was then added, maintnining 
25 the temperature at 30-40^^0. On completing this addition, and maintain- 

ing the temperature above 30°C. , 167=» v^/v sodium carbonate was added 
slowly to bring the pH to 5.O. 
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Salt \va3 removed by electrodialysis nnd the pll adjusted to 6.0 
by the addition of lO^o sodium hydroxide. The resulting solution wa 
heated in an autoclave at 15 Ibs./sq. in. for one hour, and the 
volume then reduced to about 4.5 litres in a rotary evaporator. 
5 Particulate matter was removed by passing the solution through a 

No. 3 sintered glass filter and, after being sealed into onpules, 
tho solution v/as autoclaved at lO Ibs./sq. in. for 30 minutes. 

The autoclaved solution of ferric hydro:d.de dextran heptonatc 
complex had an iron content of 223 mgm./ml. 
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1) A cor.iple;: of ferric hydroxide with at least one of the 
heptonic acids^ 'Je::trap. he-otonic acid .-and de::trin heotonic acid, 
i/^' " 2) A coniple:: Ox ferric hydroxide with dextran heptonic acid. 
S 3) A cor.iplex of ferric hydroxide with dextrin heptonic acid. 

4) A complc:: as chained in my of claims 1—3 in which the 
heptonic acid has an average nolecular weight of 500-50,000, 

5) A conplex aa claimed in csiy of clain3 1-3 in which the 
heptonic acid has an average raoleculai:' v/eiglit of 1000-10,000. 

^0 6) A complex as clairaed in any of the preceding claims which 

cont^inr. up to 43/3 by weight of elemental iron, 

7) A complex as claimed in any of the preceding claims which 
contains 38-4?/7j by weight of eler^ental iron, 

G) A couplox as claimed in any of the precedins clrrlns wherein 
A J P & S^^ ^^50 intravenous administration is greater than ehout 

da.Jo.^f I AQoo ng Fe per IIG body vvei^ht. 

per >CUy^^ ^ 

9) A complex of ferric hydroxide with a heptonic acid 
suhstantial ly as heroin-^ef or'e described, 

10) A process for tho preparation of a ferric hydroxide 
complex v/ith a heptonic acid selected from dextran heptonic 
acid ano. dextrin heptonic acid which comprises ro>?.c:tincv together 
a suspension of ferric hydroxide and dextran heptonic acid or 
dextrin heptonic acid respectively, 

11) A process as claimed in claim 10 wherein the ferric hydroxide 
25 is prcfor:.ied. 

12) A process as clai:ned in claim lO wht.rein the fei-ric hydroxide 
is formed in situ in the reaction, 

13) A process as clained in clair.i lO wh:.rein the ferric hydroxide 
is partially prefor.Med and partially forned in situ. 
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14) A procesG as claimed In any of clainc 10-13 v/herein the 
A. J. r. ui. ^iQcit otQso of tl-i^ r^T'oeooo, oltlior as a part of tho proceco or 

' a separate s ceo ,y/ eo::\prloo & heat in::: to a ceiiiperaturs in e:cceca 



of 50°C at a p-I botv/eon 5 and 7. 
5 15) A proceGS as clilmed in clati:- 14 v/harein tlie 

productj^ic ..^reciplto.tod and subjected to thi.'; lietitin^ otep. 
IS) A procesr: as clained in any of ths orecedlns claius 10-15 
wherein the ferric hydroxide ic formed by a doui^lo decouposition 
reaction betv/cen a ferric Kalt and an alltali, 
17) A process ac claimed in clcJ-a 13 wherein the ferric 
hydroxide is formed by a double decomposition reaction between 
a ferric chloride and sodiua carbonate ♦ 

13) A process as claimed in any of the precedinc; claims 10-15 
v/herein the ferric hydroxide is formed by treatnent of a ferric 
X5 salt v/ith an anion exchange res^n. 

IS) A process as clained in any of the preceding claims 10-15 
v/herein the ferric hydroxide is formed by dialysis of a ferric 
" salt against anlalkali, 

20) A process as claimed in any of the preceding claims 10-15 
20 Y/herein -he ferric hydroxide is fomed by electrodialysls . 

21) A process as claimed in any of claims 10-20 v/herein the 
heptonic acid is prepared by reacting dextran or dextrin v/tth 
an alkali inctc.l cyanide to form a cyanhydrin ivhich is then 
hydrolysed to form the heptonic acid. 

25 22) A process as claimed in claim 21 v/horcin there is used a 

partially depolymerised dextran having a v/ei£;lit average 
molecular v/eigJit of 500-50^000o 

23) A process as claimed in claim 23 v/herein th^^re is used a 
partially depolymerised dextran having a v/eight average 
30 molecular v/eiglit of 1,000-10,000. 
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24) A procesa as clclmod In clain 21 v/hcsroin tliisre ±c used 
dextrin having a weight average molecular v/elght 500-50,000. 

25) A process as clainod in ruiy of. clair.is 21-;a4 v/horcin the 
liydPdLycls takes place In the rciictlon liquor in v/hich the 
cyanliydrin is forraod. 

23) A process as clairAed in claim 25 in v/hich the? hydrolysis 
is assirited by passing a gas such as air through the solution of 



Bo-fQ'^ the cyanhydrin. 

per /y-r 

27) Processor for the oroparct ton of a furric hydro;:ide 

XO complo:: with a heptonia acid selected from de:ctran heptonic acid 

and dextrin heotonic acid substantially as hereinbefore described, 

28) Processes for the preparation of a ferric hydroxide 
couple:: with de::tran heptonlc acid substantially as hereinbefore 
described ana illu3t:rated in Examples 1-3^ and 10, 

i5 23) Procosces for the preparation of a ferric hydroxide 

complex v/ith dextrin heptonlc acid substantially &s hereinbefore 
described anO. illustrated in Sxample 7. 

30) Complexes of ferric hydroxide v/ith dextran heptonic acid 
when prepare'! by the process c?.air.ied in any of claims 10-20, 
2o 31) Complexes of ferric hydroxide v;ith dextrin heptonic acid 

v/hen prepared by the process claimed in any of claims 10-27 and 
29, 

32) A pharn a.ceutical couposition for the treatment of iron 
deficiency in uan and animals by parenteral administration v/hich 

25 conprlses an acjucous colloidal solution of a complex of ferric 

hydroxide v/ith dext ran heptonic acid or dextrin heptonic acid. 

33) A pharmaceutical composition as claimed in clain 32 
v/herein the conplex is a coitiplex of ferric hydroxide with 
dextran heptonic acid. 
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34) A pUarv'.aceutical composition as clained in claim 33 v/hcrein 



ioJ^S-^ complete of ferric hydroxide v/ith nextrcn Iieptonic acid is as 

clained in clair?. 30. 

35) A pharr.i-ccuticr.l composicion ac clainsd in any of claias 
S 32-34 wherein the coinple:: of ferric hydro::idc v/ith de::tran 

hcptonic acid or de:ctrin heptonic acid contains up to 43/: by 
v/eight of elemental iron. 

36) A pharmaceutical corapocition as clained in claim 35 wherein 
the coir.ple:: of ferric hydro:iide v/ith de::tran heptonic acid or 
dei:trin heptonic acid contains 33-42*y> by v/oioht of elemental 
iron. 

37) A pharmaceutical cor.iposition ac claim-sc-. in any of claims 
32-35 v/hich contains up to 250 mg of elemental iron per ml, of 
solution. 

15 33) A pharmaceutical compositio-i as claimed in claii;. 37 v/hich 

contains 50-200 mg of elenental iron per ml. of solution, 

39) A pharmaceutical cor.iposition as claimed in any of claims 
32-33 v/hl3h contains one or more additional p>-armaceutically 
active components. 

40) A pharmaceutical composition as clained in claim 33 in 
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v/hich the additional pharr.iacoutically active components are 
selected from vitamin 312 and f olic^^seirtl . 



^ 41) Pharmaceutical compositions substantially as hereinbefore 



described . 

25 42) A process for the treatment of iron deficiency in man an^ 

.J«r.<MO, antnalsj v/hich comprises administerin;; parentoraily a solution 

^ Of a complex of ferric hydroxide and dextran heptonic acid, 

. . P p ^ 43) A procesc for the treatment of iron deficiency in jiian an d ■ 

^P t^Xf animal s\ v/hich comprises adnlnicterin^ parenterally a solution of 

Per '"'K^ ^ 

30 a complex of ferric hydrojcide and dextrin heptonic acid, 

44) A orocess as claimed in claim 42 v/horein the complex is as 

oATFD THIS DAY OF 

claimed In claim 30. UATED THii 

A. J. PA" '< & SOh4 
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